Spray drift continues to be an important issue for commercial pipfruit growers. Off-target agrichemical movement was determined from the Hawke's Bay Focus Orchard on two occasions. Canopy development had a major influence on spray drift, with 25 times less drift from a fully foliated canopy compared with a dormant canopy. The proximity of the sprayer relative to the edge of the sprayed block was an additional major factor influencing spray drift. Results are compared with those found in previous New Zealand and overseas studies and management strategies for spray drift minimisation are discussed.
INTRODUCTION
Agrichemical spray drift is an emotive issue. While it is impossible to guarantee that no pesticide movement will occur beyond sprayed areas, e.g. through volatilisation off sprayed foliage, it is important to establish objective assessments for drift risks under different orchard and weather conditions. It is also important to relate potential spray drift levels to possible risks of environmental damage, human health problems or crop damage/contamination. The Resource Management Act has lead to Regional Councils introducing specific rules in their regional air plans to limit spray drift. To a certain extent growers of fresh produce have been prepared for this with the wide adoption of the GROWSAFE ® Certification scheme for agrichemical use. Some detailed information on spray drift from orchards has been published (Holland et al. 1997) . However, there is a lack of published information on spray drift specific to New Zealand pipfruit orchards from which sound judgements can be made as to the risk spray drift may pose. Many factors influence risks associated with spray drift, most importantly, droplet size, meteorological conditions during spraying and pesticide toxicity. Those making spray applications have the greatest influence on the impact of spray drift on areas surrounding application but may not have sufficient information at the time of spraying to minimise spray drift. This paper describes two trials carried out on a Hawke's Bay apple orchard in 1999, to determine the effects of canopy development and sprayer operation on spray drift. Comparison of sampling techniques, strategies for managing spray drift risk and risk assessments are discussed.
METHODS
Two drift assessment trials were conducted in 1999, the first on 23 September when trees had effectively no leaf cover (dormant) and the second on 17 December when trees were fully foliated. The same block of Braeburn apples on the Hawke's Bay Focus Orchard, Rakanui block was used in each assessment. This 1.7 ha block consisted of 15 rows of mature slender pyramid trees, planted at 4.5 m between rows and 2.5 m along rows. Tree form within the block was very regular, with a maximum height of ca 4.5 m. The height-stratified-tree-row-volume (Manktelow and Praat 1997) as measured in August 1999 was 22,000 m 3 /ha.
Spray application
Two typical commercial spray applications were monitored. Spraying was carried out using a Cropliner airblast sprayer, fitted with a 920 mm axial fan without straightening vanes. Volume application rates were 500 and 2000 litres/ha for dormant and full foliage applications respectively. These treatments are comparable as variations in volume application rates in this range have previously been shown not to influence spray drift (Holland et al. 1997) . Groups of three rows were sprayed sequentially starting with the outside three rows, followed by rows four to six and so on. The outside row was sprayed from both sides. A least 1 ha was sprayed during the trial for at least 100 m either side of the sampling line (Fig. 1) . Wind speed and direction remained relatively stable during spraying for both trials so that the quantity of drift recovered was comparable. Myclobutinal (Systhane 40 W) and diazinon (Basudin 50 WP) were applied for dormant and full foliage treatments respectively at recommended label rates. Resulting application rates were 0.068 kg/ha myclobutanil and 1 kg/ha diazinon. 
Spray drift monitoring
Soil deposit samplers were placed horizontally on the ground and laid out perpendicular to and downwind from the sprayed block at 7.6, 15, 30, 90 and 180 m from the edge of the sprayed orchard (Fig. 1) . The edge of the sprayed block was taken as 4.5 m from the trunkline of the outside row of trees. There was no shelter at the edge of the sprayed block. Soil deposits were collected on either chromotography paper (1 Chr, Whatman Cat No 3001 917, 0.17 mm thick) or alpha-cellulose sheet (a cotton by-product, 1.2 mm thick). The alpha-cellulose sheet was included in the trials as this material was used by the Spray Drift Task Force (SDTF) in the United States (Johnson 1997) . The chromatography paper was fixed on a tin foil and cardboard backing and the alpha-cellulose on a backing of alpha-cellulose. Immediately after the sampling period each collector was removed from the backing and placed in a glass bottle with 50 ml acetone. Three soil deposit samplers were located at each distance from the sprayed block. Aerial drift samplers were placed 2 m above the ground at the 15, 30 and 90 m sampling stations. A further sampler was located at 10 m above the ground at the 15 m station. Aerial drift (aerosol and vapour) was trapped using the method described by Holland (1997) . All samples were placed in cool storage after sampling. Quantitative analysis of agrichemical trapped by samplers was carried out using the method described in Holland et al. (1997) . The results are expressed per unit ground area (µg/m 2 ), as a percentage of applied spray for deposited drift and per unit volume (µg/m 3 ) for aerial drift (aerosol and vapour). Samples taken before the spray event established background agrichemical levels of 2 mg/m 2 for soil deposits for both trials and 0.06 mg/m 3 for aerial drift in the full foliage trial. Weather conditions, including wind speed and direction, temperatures at 2, 5 and 10 m above ground and relative humidity, were recorded at 1 min intervals during the trial period. Table 1 shows the weather data recorded during the two trials. Winds were light on both occasions. Wind direction varied from blowing directly toward samplers while the first three rows were sprayed to tending down the rows for the full foliage trial. Mean air temperatures were higher for the full foliage trial while relative humidity was similar for both trials. The length of the sprayed block (at least 100 m) was such that even though the wind did not always blow directly toward the samplers valid results were still obtained. Wind speed was 0.5 to 1.5 m/s during spraying of rows 1 to 9 and increased to 2.8 m/s during spraying of row 10 inwards.
RESULTS AND DISCUSSION Weather conditions

Soil Deposition
The quantity of soil deposit collected using each sampler type is shown in Table  2 . The US samplers were thicker and had a rougher surface than the chromotography paper (NZ) samplers but were not different (P>0.05) in the mean quantity of soil deposits detected. Therefore soil deposit data from three samplers at each distance were combined. Table 3 describes the effect of canopy development and distance on the quantity of spray drift deposited on the soil. On average there was a 25-fold reduction in the amount of spray drift when leaves were present on trees than when dormant trees were sprayed. Similar studies in the US recorded a 35-fold reduction in spray drift (Johnson 1997) . Live foliated trees were good at intercepting spray. The spray which is not retained by the crop is likely to pass over the top, underneath and between trees. Conventional airblast sprayers can be adjusted to reduce the likelihood of spray escaping above or below canopies but it is more difficult to control the spray going through the gaps between trees. Sprayers with sensor controlled nozzles are available which can detect gaps between trees and shut off nozzles as appropriate (Perry 1995; Koch and Weisser 2000) . These sensor-controlled sprayers reduce spray drift, especially early in the season, and also reduce the quantity of active ingredient used in comparison with conventional sprayers. Figs 2 and 3 show the effect of sprayer position on spray deposited outside the sprayed block for dormant and foliated apple orchards respectively. As the sprayer was operated at greater distances from the edge of the sprayed block, spray drift was drastically reduced. During the dormant trial, spraying rows four to nine reduced spray drift at the 7.6 and 15 m sampling stations by more than 100-fold compared with spraying the outside three rows (Fig. 2) . Similarly a 17-fold reduction was recorded for foliated trees. The quantity of spray drift was much higher (note the difference in the scales between Figs 2 and 3) for the dormant application, and drift was likely to contain a higher proportion of larger droplets. This explains the large drop off in drift close to the sprayed block for the dormant application compared with the foliated trial. No agrichemical soil deposits were detected at 180 m from spraying of the fourth row inwards or at 30, 90 or 180 m from spraying of the tenth row inwards in the full foliage trial. 
Aerial drift
Quantification of aerial drift for the dormant trial was difficult due to the very low level of active ingredient used (0.068 kg/ha myclobutanil) and results were unreliable. Reliable results were recorded for the full foliage trial (Table 4) . Airborne drift reduced with distance from the sprayed block in the same manner as soil deposits. The average amount of agrichemical at 30 m from the sprayed block during the 45 min of spraying was 1.2 µg/m 3 . This was at the low end of the range of aerial drift levels compared with previous trials (Holland et al. 1997) . Aerial drift and soil deposits were also monitored after spraying had stopped for both trials. While no drift was detected after spraying had stopped for the dormant trial, diazinon was detected in both soil and air sampling up to an hour after spraying had stopped in the foliated trial (data not shown). This was due to continuing volatilisation of diazinon, which is considerably more volatile than myclobutanil (12 and 0.21 mPa saturated vapour pressure respectively).
Spray drift modelling
This trial was carried in a similar fashion to trials in the United States of the Spray Drift Task Force (SDTF), i.e. using actual agrichemicals, large soil deposit samplers and the same station distances, so that the data could be compared. The US data described are the generic orchard curves for the SDTF used in the AgDRIFT ® version 1.05 spray drift prediction model (Teske et al. 1997; Teske 1998) . Fig. 4 shows the data from our trial in relation to data from US trials. Lower drift levels were recorded for this trial than for the US for the dormant period and similar levels for the full foliage situation. Tree and droplet sizes were similar for the New Zealand and US work but higher wind speeds and sprayer air outputs occurred in the US work, which may account for the higher levels of drift recorded in the US (A. Hewitt, pers. comm.) .
Comparison of the Focus Orchard trial data with a New Zealand database of ca 30 spray drift trials found drift levels from the dormant Focus Orchard trial were in excess of those previously recorded while drift levels from the foliated trial were comparable, or lower, than those previously recorded. The other New Zealand trials were conducted in foliated crops with shelter belts, with drift measured beyond the shelter. This comparison highlights the increased spray drift hazard of dormant canopies and unsheltered boundaries. CONCLUSION Spraying the outside rows of pipfruit orchards when trees do not have leaves may result in relatively high levels of spray drift downwind from sprayers. Drift levels are significantly reduced in the presence of crop foliage (or shelter) and when sprayers are not operated in close proximity to the orchard boundaries. Orchardists need to identify these potential high drift risk situations for their orchards and manage sprayer operation to minimise spray drift accordingly.
